Objectives: Preoxygenation prior to intubation aims to increase the duration of safe apnea by causing denitrogenation of the functional residual capacity, replacing this volume with a reservoir of oxygen. In the operating room (OR) the criterion-standard for preoxygenation is an anesthetic circuit and well-fitting face mask, which provide a high fractional inspired oxygen concentration (FiO 2 ). Outside of the OR, various strategies exist to provide preoxygenation. The objective was to evaluate the effectiveness of commonly used preoxygenation strategies outside of the OR environment.
INTRODUCTION
Preoxygenation before induction of anesthesia for intubation is undertaken to provide a reservoir of oxygen within the lungs which can delay desaturation during the period of apnea associated with induction.(1) By breathing a high fractional inspired oxygen concentration (FiO 2 ), the lung volume is denitrogenated: the approximately 79% nitrogen from room air ventilation is replaced with a higher percentage of oxygen.
The majority of intubations occur in an operating room with preoxygenation achieved using an anesthetic circuit, providing this high FiO 2 . Furthermore, the efficacy of preoxygenation may be continuously assessed by estimating the degree of denitrogenation using a gas analyzer to determine the fractional expired oxygen concentration (FeO 2 ). (2) Contrast this with emergent intubations that may occur in the emergency department (ED), intensive care unit (ICU), or in the prehospital setting. These intubations are more likely to involve non-fasted patients with associated respiratory or circulatory compromise.
Airway management in the ED and ICU have also been shown to be associated with greater adverse incidents.(3) Effective preoxygenation would seem to be even more important in this setting, yet it may be suboptimal for a number of reasons. There is no standard preoxygenation method in the ED, ICU, or prehospital setting, and there is no way of assessing the degree of denitrogenation achieved prior to induction of anesthesia.
Commonly used methods of preoxygenation involve tidal volume breathing from high oxygen concentration sources through a well-fitting mask for three minutes. The high FiO 2 source may be: 1) an anesthetic circuit that prevents rebreathing of CO 2 , 2) a non-rebreather mask (NRM), or 3) a bag-valve-mask (BVM) device.
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Despite both the NRM & BVM devices employing a reservoir system to allow high FiO 2 gas to be inspired during peak inspiratory flow, they have both previously been shown to provide only moderate increases in FeO 2 when tested.(4) This is likely to reflect the entrainment of room air both around the mask and through the valves present on these devices. (5, 6) The addition of a spring-loaded positive end-expiratory pressure (PEEP) valve to a BVM may reduce room air entrainment through the expiratory port of some BVM devices, and the addition of PEEP has also been shown to improve arterial oxygenation. (7, 8) Many authors recommend the addition of nasal cannulae to facilitate ongoing oxygenation during apnea, by a process of bulk flow gas movement. (8, 9) The addition of nasal cannulae oxygen during the preoxygenation period provides a higher oxygen flow rate overall, and in combination with a BVM and PEEP valve may provide continuous positive airway pressure (CPAP), which has been shown to increase duration of apnea without desaturation. (10) To evaluate the efficacy of preoxygenation in healthy volunteers, and to assess the adjuncts described, we compared the above three methods with four further techniques: 4) NRM with nasal cannulae oxygen, 5) BVM with nasal cannulae oxygen, 6) BVM with PEEP valve, and 7) BVM with PEEP valve and nasal cannulae oxygen.
METHODS

Study Design
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Study Setting and Population
A convenience sample of 30 healthy volunteers were recruited from ED staff. Volunteers with respiratory disease such as a history of asthma or pregnancy were excluded, however bearded subjects (n=1) were included. There were no edentulous subjects in our sample.
Informed consent was obtained from all participants. Volunteers did not have intellectual investment in this study.
Study Protocol
Preoxygenation sessions consisted of three minutes of spontaneous tidal volume breathing with each technique (Table 1 ). The order of techniques was determined in advance by computer randomization, resulting in a different sequence of techniques for each subject. 
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Overall differences in FeO 2 between methods was determined using a repeated measures ANOVA. We then performed a post hoc analysis with a Bonferroni correction to examine the differences between individual methods allowing for multiple comparisons, using the anesthetic circuit as the control.
RESULTS
The volunteer characteristics are summarized in Table 2 . Baseline FeO 2 was the same between all groups. Mean FeO 2 for the seven techniques measured after a three minute period of preoxygenation, are shown in Figure 1 .
Overall there was a significant difference in the FeO 2 achieved between the seven techniques (P < 0.01). Compared to the anesthetic circuit, the BVM device with or without PEEP produced very similar FeO 2 levels of approximately 80% (P = 1.0), while the addition of nasal cannulae with or without PEEP showed a non-significant trended towards a lower FeO 2 (P = 0.4 and 0.2, respectively). The NRM with or without nasal cannulae produced significantly lower FeO 2 readings (P < 0.001).
DISCUSSION
Effective preoxygenation provides a safety margin for emergent intubation by denitrogenating the functional residual capacity of the lungs, prolonging the duration of apnea without desaturation. In the operating theatre, an anesthetic circuit is used to provide a high FiO 2 . Moreover, the degree of denitrogenation may be assessed by measuring the 
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dependent on the quality of the seal achieved, which was probably adversely affected by the inclusion of nasal cannulae tubing. Interestingly, Gagnon and colleagues demonstrated a significantly reduced efficacy of preoxygenation when they deliberately created a leak using nasogastric tubing beneath the mask. (16) Addition of a PEEP valve to the BVM was also expected to increase the FeO 2 achieved as previous studies had shown improved preoxygenation with PEEP.(10) The addition of a spring-loaded PEEP valve to a disposable BVM may also reduce the entrainment of room air around the expiratory valve on these devices. Our study found a nonsignificant reduction in FeO 2 with PEEP (80.2% vs. 78.9%). This may be because the preoxygenation achieved with this BVM was near optimal and further improvements in FeO 2 in volunteers with normal lungs was not achievable. Improvements in preoxygenation may be identifiable in patients with lung disease who benefit from the alveolar recruitment and small airway splinting facilitated by PEEP. (7, 8) In our study, the mean FeO 2 achieved with the anesthetic circuit was 81.0%, with only 10% of volunteers achieving the target FeO 2 endpoint of 90%. Previous authors have shown that up to 56% of patients do not achieve FeO 2 of 90% despite preoxygenation with three minutes of tidal volume breathing using an anesthetic circuit.(17) Also, we measured FeO 2 at the end of an expiratory breath into a separate reservoir, which we believe is more accurate than continuous sampling of end-tidal gas from the facemask, which may be erroneously higher due to mixing with the device oxygen flow.
LIMITATIONS
Limitations of this study include the use of healthy volunteers who were able to breathe calmly for the full three minutes of preoxygenation, tolerating the mask seal achieved by the investigator. Critically unwell patients requiring emergent intubation are likely to be different
